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Preparation, Modification and Application of TiO, Nanotube Arrays
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Abstract: TiO, is one of the most studied compounds in materials science because of some outstanding
properties it is used for instance in the field of photocatalysis, dye-sensitized solar cells, and biomedicine. In this
review, TiO, nanotubes (TiO,NTs) arrays of different morphologies prepared by electrochemical anodization
methods in recent years were introduced and different electrolyte,anodization time and voltage, which have an
effect on the morphologies of TiO, nanotubes, were investigated. The physical or chemical modification methods
of TiO, nanotubes, including doping, composite, surface decoration were described in detail. Varies of
applications of modified TiO, nanotubes arrays, such as photocatalysis, solar cells, biomedicine and sensors were

summarized. Finally, the existing problems and further prospects in this research field were discussed.
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Fig.1 (a) Electrochemical anodization process: (I) metal electropolishing, (Il) formation of compact anodic oxides,

(M) self-ordered oxides (nanotubes or nanopores), (IV) rapid (disorganized) oxide nanotube formation, (V) ordered

nanoporous layers; (b) SEM images of the initial phase of anodic TiO, nanotube growth: a~d correspond stage
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Table 1 Morphological properties of TiO,NTs produced by anodizing Ti foil in various electrolytes

Generation Electrolyte composition VIV T/%C t D/nm L/ pm Ref.
First generation: 0.5% (w) HF in Hy, 3~20 18 0.75 h 25~65 0.2 [15]
aqueous electrolytes  0.5% (w) HF+acetic acid mixed in a 7:1 volume ratio 10~20 25 — Sep-34  0.1~0.2 [16]
(pH<3) 0.5% (w) HF+acetic acid mixed in a 7:1 volume ratio 10 5~50 — Sep-34  0.1~0.3 [17]
Second generation: 1 mol - L™ Na,S0,+0.2 mol - L™ citric acid+0.4%(w) NaF 20 25 — 100 0.46 [18]
buffered electrolytes 1 mol-L™" Na,;SO4+0.5%(w) NaF 20 25 6h 100 2.4 [19]
(3<pH<6) 1 mol-L™" (NH,)H,PO4+0.5%(w) NH. 20 25 40 h 100 4 [20]
Third generation: 0.3%(w)NH.F+2%(¢) H,0 in EG 20~65 25 17 h 45~135 5~165 [99]
polar organic 0.3%(w)NH.F+2%(¢) H,0 in EG 60 25 96 h — 720 [100]
electrolytes 0.5%(w)NH.F+3%(¢) H,0 in EG 60 25 216 h 179.8 1005 [101]
fourth generation: 0.1 mol-L™" HCIO, 30 25 60 s 20~40 329 [102]
non-fluoride based (0.05~0.30) mol -L™" HCI 10 25 lh 10~20 — [103]
electrolytes H,S0,, H;PO, and H,0, 150~200 25 10 min — 1~5 [104]

EG: ethylene glycol; D: diameter; L: length; —: not afford.
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Fig.2 Field emission scanning electron microscopy
images of a titania nanotube array sample
prepared by anodization method, then
subsequently annealed at 500 °C in an oxygen
ambient: (a) top view (b) vertical cross sectional
view
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Fig.3 SEM images of TiO, nanotubes anodized for
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Fig.4 (a) [llustration of the growth of TiO, bamboo-type

(b) SEM images of

bamboo-type tubes, grown under alternating-

and nanolace structures;

voltage conditions, with a sequence of 120 V and

40 V and (c) nanolace sheets
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Fig.5 SEM images of anodically grown nanotube layers
with different morphologies: (a) A double layer
formed by one AV step, first at 120 V' (6 h) and
then at 40 V (2 h); (b) Double-walled nanotubes

arrays
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Fig.7 SEM images of (a) as grown amorphous TiO,NTs
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annealed in CO at 400 °C for 3 h
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Fig.8 SEM images of (a) Ag/TiO,nanocomposites
prepared by photodeposition method and (b)
Ni/TiO, nanocomposites fabricated by

electrochemical deposition method
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Fig.10 Example of monolayer attachment on TiO, (from left to right): surface condensation reaction; phosphonate
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